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Introduction {#sec004}
============

Neurocysticercosis (NCC), a parasitic disease of the nervous system caused by *Taenia solium* (pork tapeworm), is a leading cause of acquired epilepsy worldwide \[[@pntd.0004418.ref001], [@pntd.0004418.ref002]\]. The disease is widely prevalent around the world, and has pleomorphic clinical and radiologic manifestations \[[@pntd.0004418.ref001]\]. Solitary cysticercus granuloma (SCG), presenting as a single small enhancing lesion, is found in \~20% of NCC cases in endemic areas, and is the commonest type of NCC in the Indian subcontinent as well as in travelers of industrialized countries returning from endemic zones \[[@pntd.0004418.ref003], [@pntd.0004418.ref004]\]. SCG has traditionally been considered the degenerating form of long-established vesicular cyst that cannot maintain immune evasion and thus is under the host's immune attack. A recent hypothesis proposes that SCG represents fresh infection that is rapidly detected and destroyed by the host's immune system. \[[@pntd.0004418.ref005]\]

Treatment might be different for patients with live and degenerative/dead parasite. While there is sufficient information in support of the use of the combination of anthelmintics and corticosteroids in patients with viable cystic parenchymal NCC \[[@pntd.0004418.ref006]--[@pntd.0004418.ref010]\], the treatment of SCG has not been optimally defined \[[@pntd.0004418.ref011]\]. Besides, the recent American Academy of Neurology (AAN) evidence-based guideline on NCC didn't address management issues of different types of lesion independently \[[@pntd.0004418.ref012]\]. Currently, the overall evidence from randomized clinical trials (RCTs) on drug therapy for SCG consists of comparisons between the combination of anthelmintics and corticosteroids therapy, anthelmintics therapy alone, corticosteroids therapy alone and conservative treatment (limited to treatment of symptoms), such as antiepileptic drugs alone without anthelmintics or corticosteroids. Several pairwise meta-analyses have evaluated the independent efficacies of anthelmintics and of corticosteroids \[[@pntd.0004418.ref009], [@pntd.0004418.ref013], [@pntd.0004418.ref014]\]. However, multiple different regimens have never been compared with each other simultaneously.

The network of evidence can be better examined in a mixed treatment comparison framework with Bayesian method \[[@pntd.0004418.ref015], [@pntd.0004418.ref016]\]. This approach fully respects randomization, accounts for the correlation of multiple observations within the same trial, and allows estimation of relative efficacies of different drugs and their combination. Here, we systematically reviewed and analyzed RCTs on drug therapy for SCG and conducted a Bayesian network meta-analysis to determine the effect of different therapies on seizure control and on radiological resolution of the disease.

Methods {#sec005}
=======

The protocol of this study was determined according to the Cochrane Collaboration and PRISMA statement \[[@pntd.0004418.ref017]\].

Search strategy {#sec006}
---------------

We searched the electronic databases of PubMed, EMBASE and the Cochrane Library (from inception until June 1, 2015) without restrictions on language or publication date. The logic combinations of the following terms were searched in the Title/Abstract: *cysticercosis*, *neurocysticercosis*, *solitary cysticercus granuloma*, *single small enhancing computed tomographic lesion*, *cysticidal*, *anticysticercal*, *anthelmintic*, *albendazole*, *praziquantel*, *corticosteroid*, *steroid*, *prednisolone*, *methylprednisolone*, and *dexamethasone*. The computer retrieval was supplemented by manual search of reference lists of identified studies and (systematic) reviews on neurocysticercosis.

Study selection {#sec007}
---------------

The identified citations were initially screened at the title and abstract level, and then retrieved as full-text copies if they reported potentially relevant studies. To be included in the analysis, studies had to be randomized clinical trials (RCTs) that included patients with new onset seizures and diagnosed with SCG based on clinical and imaging studies according to the accepted criteria \[[@pntd.0004418.ref018]\]. All studies compared the efficacy of anthelmintics (albendazole and/or praziquantel) or corticosteroids, or both, head to head or with placebo or no drugs. Studies were excluded if they compared different dosages or durations of the same medication, if only patients with cystic or multiple enhancing lesions were included, and if none of the quantitative outcomes of interest (*see below*) were reported. Studies using concomitant drugs, such as antiepileptic drugs (AEDs) were not excluded if balanced among the trial arms. When more than one report describing the same study were published, the one with the most recent or complete data was used for meta-analysis.

Data collection {#sec008}
---------------

Two researchers independently reviewed the studies with disagreements in eligibility, methodological quality or data extraction resolved through discussion and consensus. Data were collected for each eligible RCT on study characteristics, patient characteristics, and outcome results. The goal of this study was to compare the efficacies of different drug therapies in the following aspects: seizure recurrence, defined as the occurrence of one or more convulsions after the beginning of treatment, and lesion resolution, defined as complete disappearance of the granuloma with no residual scar, calcification or perilesional edema on imaging studies, by MRI or CT scan. If a study reported outcomes at multiple time points, only data from the most recent follow-up were extracted for analysis.

Quality assessment {#sec009}
------------------

The methodological quality of the included RCTs was appraised using the Cochrane Collaboration's tool for assessing risk of bias \[[@pntd.0004418.ref019]\], which consists of seven items: sequence generation; allocation concealment; blinding of participants and personnel; blinding of outcome assessors; incomplete outcome data; selective outcome reporting; and other bias. Blinding and incomplete outcome data were assessed separately for the two primary outcomes. The overall risk of bias of a trial was expressed as low, moderate, or high.

Statistical analysis {#sec010}
--------------------

Therapeutic interventions were included in quantitative analyses if they had been studied in at least two trials. We conducted Bayesian network meta-analysis using the binomial likelihood model for multi-arm trials \[[@pntd.0004418.ref020], [@pntd.0004418.ref021]\], given the outcomes were dichotomous and included multi-arm trials. Our model adopted random effects because it is the most appropriate and conservative analysis to account for variance among trials. The Markov Chains Monte Carlo method was used for analysis. Three Markov chains ran simultaneously with different initial values. 150,000 simulations were generated for each of the three sets of initial values, with the first 50,000 discarded to avoid the influence of initial unstable values. The convergence was assessed with trace plots and the Brooks-Gelman-Rubin statistic.

The odd ratios (OR) were estimated from the median of the posterior distribution and the accompanying 95% credible intervals (CrI), which can be interpreted in the same manner as the conventional 95% confidence interval (CI). For comparison, the estimates from just the head-to-head evidence for each pair of comparison were also worked out with the Mantel-Haenszel method of the conventional pairwise meta-analysis.

Furthermore, for each outcome, we estimated the probability that each treatment regimen was the most, the second, the third, and the least efficacious, based on their ranks in each iteration of Markov chain. These probability values were used for generating cumulative probability plots and calculating the Surface Under the Cumulative RAnking curve (SUCRA), with 1 representing the best treatment and 0 the worst \[[@pntd.0004418.ref022]\].

We examined the validity of the network models by evaluating three of their important characteristics. The goodness of model fit was measured by the posterior mean of the residual deviance, which should be close to the data points when the model can provide adequate fit. Heterogeneity was defined as the variability of the results across trials. It was estimated from the posterior median between-study variance τ^2^, with τ^2^ \< 0.04 indicating a low level of heterogeneity and τ^2^ \> 0.40 a high level \[[@pntd.0004418.ref023]\]. Consistency, defined as agreement between direct and indirect sources of evidence, was first assessed visually by comparing the results of network meta-analysis and pairwise meta-analysis, and then tested statistically by calculating the ratio of two odds ratios (RoR) from direct and indirect evidence in each closed loop in the network of interventions. RoR values close to 1 mean that the two sources are in agreement \[[@pntd.0004418.ref024]\].

The considerable variation in follow-up duration among the included RCTs and the fact that probability of both primary outcomes are related with time \[[@pntd.0004418.ref025]\] did not allow calculation of the absolute rate difference and number needed to treat for each intervention by using the baseline rates across the conservative treatment arms. Considering that evidence may be different from RCTs with different follow-up duration, we performed meta-regression analysis with follow-up duration (≤ 6 months versus ≥ 9 months for seizure recurrence, 3 months versus 6 months for lesion resolution) as an interaction \[[@pntd.0004418.ref026]\]. We calculated the subgroup interaction term β and checked whether its 95% credible interval included the possibility of no interaction. We performed further sensitivity analysis by sequentially removing one study at a time from the overall dataset. A *post hoc* analysis was performed to compare different treatments on the risk of residual calcification during the evolution of SCG lesions.

Assessment of publication bias using the funnel plots was precluded by the small number of studies included in the meta-analysis.

Conventional pairwise meta-analysis was performed with Review Manager 5.3.3 (Cochrane Collaboration, Nordic Cochrane Centre, Denmark). Network meta-analysis including meta-regression analysis was performed with winBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge, UK). Test for consistency was conducted with Stata 12.0 (StataCorp LP, College Station, TX).

Results {#sec011}
=======

Literature search {#sec012}
-----------------

[Fig 1](#pntd.0004418.g001){ref-type="fig"} is a flow chart of the study and summarizes the process of trial selection. Twenty articles reporting 16 RCTs met the inclusion criteria \[[@pntd.0004418.ref027]--[@pntd.0004418.ref042]\]. The included RCTs covered six different treatment regimens for SCG: albendazole (evaluated in 5 trials), praziquantel (1 trial), corticosteroids (9 trials), albendazole plus corticosteroids (6 trials), albendazole and praziquantel plus corticosteroids (1 trial), and conservative treatment (11 trials). The two praziquantel-containing regimens were evaluated only in one trial, so that they and the corresponding trials were not suitable for the network meta-analysis.

![Flowchart of the selection process of the RCTs.](pntd.0004418.g001){#pntd.0004418.g001}

Characteristics of the randomized clinical trials {#sec013}
-------------------------------------------------

The main features of the RCTs included in the quantitative analysis are summarized in [Table 1](#pntd.0004418.t001){ref-type="table"}. Fourteen trials involving 1,277 randomized patients were included. All the included RCTs were conducted in India where cysticercosis is highly endemic. The proportion of women ranged from 29.7% to 47.2%, and the mean age of patients at baseline ranged from 7.4 to 24 years. Each participant in each RCT, but two, was diagnosed with a solitary enhancing lesion. In one RCT \[[@pntd.0004418.ref031]\], only 70.8% of the patients had a single enhancing lesion while the others carried two or more lesions. However, it was possible to extract the data of patients with single lesions, thus allowing the inclusion in the analysis of data of only these patients. In another trial \[[@pntd.0004418.ref032]\], some patients (18%) had two rather than one enhancing lesions and the outcome data could not be separated. We decided to include this trial given the small proportion of patients with two lesions. All trials had two arms, except one in which the three active treatments were compared directly with each other \[[@pntd.0004418.ref040]\]. The dosage of albendazole and corticosteroids were similar across the trials, but the duration of treatment varied from 3 to 28 days. Antiepileptic drugs were used in all trials. The follow-up period ranged from 6 to 18 months for seizure recurrence and from 2 to 6 months for lesion resolution.

10.1371/journal.pntd.0004418.t001

###### Main characteristics of the randomized clinical trials included in the quantitative analysis.

![](pntd.0004418.t001){#pntd.0004418.t001g}

  Author, year             Patients (n = 1277)   Interventions[^a^](#t001fn001){ref-type="table-fn"}   Follow-up               Outcome                                              Risk of bias[^b^](#t001fn002){ref-type="table-fn"}                                                                                
  ------------------------ --------------------- ----------------------------------------------------- ----------------------- ---------------------------------------------------- ---------------------------------------------------- ------------------------------------------------------------ ------- ------- -----------
  Padma et al., 1994       75 (52, 23)           21.8                                                  1\. Albendazole: 1 wk   None                                                 AED                                                  CT scans after 1 and 3 m                                     NA      8/40    NA/
                                                                                                       2\. Placebo             None                                                 AED                                                                                                               NA      8/35    Moderate
  Baranwal et al., 1998    72 (34, 29)           7.4                                                   1.Albendazole: 4 wk     Pred 1--2 for 5d                                     AED                                                  CT scans after 1 and 3 m, 15 m TFU at 3 m intervals          7/31    20/31   Low/Low
                                                                                                       2\. Placebo             Pred 1--2 for 5d                                     AED                                                                                                               11/32   12/32   
  Gogia et al., 2003       72 (38, 34)           1.5--12                                               1.Albendazole: 4 wk     Pred 2 for 3d                                        AED                                                  CT scan after 6 m, 6 m TFU                                   3/24    11/18   Low/Low
                                                                                                       2\. Placebo             Pred 2 for 3d                                        AED                                                                                                               5/27    9/18    
  Kalra et al., 2003       123 (65, 58)          7.6                                                   1.Albendazole: 4 wk     Dexamethasone 0.15 mg/kg/d for 5d                    AED                                                  CT scan after 3 m, 6 m TFU at 3 m interval                   6/45    14/45   High/High
                                                                                                       2\. None                None                                                 AED                                                                                                               15/45   9/45    
  Mall et al., 2003        108 (56, 41)          22                                                    1\. None                Pred 1 for 10 d, tapered off in next 4 d             AED                                                  CT scans after 1 and 6 m, 6 m TFU at 1 m intervals           1/49    43/49   High/High
                                                                                                       2\. None                None                                                 AED                                                                                                               6/48    25/48   
  Singhi et al., 2004      133 (66, 44)          1--14                                                 1.Albendazole: 4 wk     None                                                 AED                                                  CT scans after 3 and 6 m, 18 m TFU at 3 m intervals          5/37    28/37   High/High
                                                                                                       2.Albendazole: 4 wk     Pred 2 for 1 wk                                      AED                                                                                                               4/35    26/35   
                                                                                                       3\. None                Pred 2 for 3 wk tapered off in wk 4                  AED                                                                                                               14/38   29/38   
  Garg et al., 2006        60 (39, 21)           13.5                                                  1\. None                Pred 1 for 10 d, tapered off in next 4 d             AED                                                  CT scan after 6 m, 9 m TFU at 1 m intervals                  4/30    16/30   Low/Low
                                                                                                       2\. None                Placebo                                              AED                                                                                                               14/30   14/30   
  Prakash et al., 2006     52 (36, 16)           16                                                    1\. None                IV methylpred 1 g/1.72 m^2^/d for 5d                 AED                                                  CT scan after 2 m, 9 m TFU at 1 m intervals                  4/25    15/25   High/High
                                                                                                       2\. None                None                                                 AED                                                                                                               9/27    5/27    
  Kishore et al., 2007     100                   NR                                                    1\. None                Pred 1 for 10 d                                      AED                                                  CT scan after 2--3 m, 12 m TFU                               5/47    32/47   High/High
                                                                                                       2\. None                Placebo                                              AED                                                                                                               12/45   24/45   
  Sharma et al., 2007      90 (52, 38)           19.3                                                  1\. Albendazole: 15 d   Pred 1 for 2 wk tapered off in next 3 d              AED                                                  CT scans after 1 and 6 m, 6 m TFU at 1 m intervals           9/48    33/45   High/High
                                                                                                       2\. None                Pred 1 for 2 wk tapered off in next 3 d              AED                                                                                                               5/42    25/36   
  Thussu et al., 2008      54 (28, 15)           24                                                    1\. Albendazole: 2 wk   None                                                 AED                                                  CT scans after 1, 3 and 6 m, 6 m TFU                         3/23    22/23   High/High
                                                                                                       2\. None                None                                                 AED                                                                                                               4/20    14/20   
  De Souza et al., 2009    123 (59, 44)          19.6                                                  1\. Albendazole: 4 wk   None                                                 AED                                                  MRI after 3, 6 and 12 m, 12 m TFU                            7/50    10/45   High/High
                                                                                                       2\. None                None                                                 AED                                                                                                               5/53    9/48    
  Chaurasia et al., 2010   67 (43, 24)           17                                                    1\. Albendazole: 3 d    None                                                 AED                                                  CT scan after 6 m, 6 m TFU                                   3/33    28/33   High/High
                                                                                                       2\. Placebo             None                                                 AED                                                                                                               1/34    14/34   
  Singla et al., 2011      148 (104, 44)         19                                                    1\. None                Pred 40--60 mg/d for 2 wk, tapered off in next 4 d   AED                                                  CT scan after 3 m, MRI after 6 m, 9 m TFU at 3 m intervals   16/73   28/60   Low/High
                                                                                                       2\. None                Placebo                                              AED                                                                                                               19/75   21/54   

^a^ In all studies, the dose of albendazole was 15 mg/kg body weight/day. The dose of prednisolone is in mg/kg/day unless otherwise indicated. All patients were receiving AED monotherapy (phenytoin or carbamazepine).

^b^ The first assessment is for the outcome seizure recurrence, and the second one is for lesion resolution.

AED = antiepileptic drug, TFU: total follow-up, NA = not applicable, NR = not reported, wk: week, d; day, M: males, F: females, Pred: prednisolone.

There was high risk of selection bias in most studies because they used random number tables to generate random number sequences with no or unclear method of allocation concealment. The performance bias was high in more than half of the studies due to lack of blinding of participants. Blinding of seizure assessment was unclear or non-existent in those studies too, but for the assessment of lesion resolution, blinding was generally well maintained. [S1 Fig](#pntd.0004418.s003){ref-type="supplementary-material"} shows the assessment process of the risk of bias of the studies included in this meta-analysis.

Seizure recurrence {#sec014}
------------------

Thirteen RCTs were used for the quantitative analysis of seizure recurrence. The network diagram for this outcome is presented in [S2(A) Fig](#pntd.0004418.s004){ref-type="supplementary-material"}. Network meta-analysis showed that albendazole plus corticosteroids was the only treatment protocol that significantly decreased the recurrence of seizure during the follow-up period compared with conservative treatment (OR 0.32, 95% CrI 0.10--0.93, Figs [2](#pntd.0004418.g002){ref-type="fig"} and [3](#pntd.0004418.g003){ref-type="fig"}). The results were similar in the only direct comparison RCT that evaluated albendazole plus corticosteroid versus conservative treatment (OR 0.31, 95% CI 0.11--0.89) \[[@pntd.0004418.ref032]\]. The risk reduction for corticosteroids alone was marginal outside the level of significance (0.46, 0.19--1.01), and the efficacy of albendazole alone did not even approach statistical significance (0.66, 0.22--2.17). While there were no significant differences among the three active treatments, the ranking probabilities and cumulative probability plots indicated that the combination of albendazole and corticosteroids was superior to either treatment alone ([Fig 3](#pntd.0004418.g003){ref-type="fig"}). The combination therapy had the greatest probability of being the best treatment (*P*~best~ 73.3%), and the SUCRA values were 0.884, 0.637, and 0.388 for albendazole plus corticosteroid, corticosteroid, and albendazole, respectively. A test of subgroup interaction between RCTs with follow-up period of ≥9 months and those with ≤ 6 months was not statistically significant (subgroup interaction term β 0.05, -1.73--1.77), adding support to the conclusion that the combination of the two groups of RCTs was not inappropriate.

![Pooled odds ratios for seizure recurrence and lesion resolution in Bayesian network meta-analysis.\
In each cell, odd ratios (with 95% credible intervals) are the pooled effects of the intervention labeled horizontally to the left of the plot compared with the intervention labeled vertically below. Results with statistical significance are shown in bold type. ^a^ Compared with 27 data points. ^b^ Compared with 29 data points.](pntd.0004418.g002){#pntd.0004418.g002}

![Results of the Bayesian network meta-analysis for seizure recurrence and lesion resolution.\
Pooled odds ratios with 95% credible intervals, probability of being the best treatment, and the surface under the cumulative ranking curve were presented. NA = not applicable.](pntd.0004418.g003){#pntd.0004418.g003}

The fit of model was good with the posterior mean of the residual deviance of 26.77, compared with 27 data points. However, the estimated between-study variance was 0.54 (0.03--2.52), which is potentially considerable with its uncertainty caused by the relatively small number of studies. Visual inspection of the results from pairwise and network meta analyses showed obvious inconsistency between direct and indirect estimates for the contrast albendazole versus corticosteroids, and this was confirmed by a large RoR value (3.15) of the corresponding loop in the network ([S3(A) Fig](#pntd.0004418.s005){ref-type="supplementary-material"}). Since only one RCT \[[@pntd.0004418.ref040]\] supplied direct evidence for the comparison, we investigated the inconsistency by removing this trial in a sensitivity analysis. The result is presented in [S1 Table](#pntd.0004418.s002){ref-type="supplementary-material"}. The combination of albendazole plus corticosteroid (0.31, 0.11--0.76) and corticosteroid alone (0.37, 0.17--0.68) both significantly reduced the risk of seizure recurrence, with combination therapy being the better one in probability analysis (*P*~best~ 67.1% versus 31.8%, SUCRA 0.882 versus 0.767). The probability analysis suggested that the efficacy of albendazole monotherapy was even worse than conservative treatment although there was no significant difference between the two (OR conservative treatment versus albendazole 0.73, 0.23--2.23). Note that the pooled estimates of network meta-analysis generally overlapped with the results of conventional pairwise meta-analysis (when available) and that the estimated between-study variance decreased from 0.54 to 0.16.

Lesion resolution {#sec015}
-----------------

The outcome of lesion resolution was analyzed in all 14 RCTs. The network diagram is presented in [S2(B) Fig](#pntd.0004418.s004){ref-type="supplementary-material"}. In the network meta-analysis, compared with conservative treatment, the efficacy of albendazole plus corticosteroids combination therapy in inducing resolution of SCG was the highest (3.05, 1.24--7.95), followed by albendazole alone (2.63, 1.61--6.34), and corticosteroids alone (2.32, 1.20--4.75, Figs [2](#pntd.0004418.g002){ref-type="fig"} and [3](#pntd.0004418.g003){ref-type="fig"}). The same order was also identified in conventional pairwise meta-analysis but the confidence intervals were wider and only the efficacy of corticosteroid therapy reached statistical significance. The differences between the three treatments were not conclusive. Nevertheless, the combination of albendazole plus corticosteroid (*P*~best~ 53.9%, SUCRA 0.789) was more likely the best treatment for this outcome in probability analysis, compared with the monotherapy of albendazole (33.9%, 0.659) and corticosteroid (12.1%, 0.541) ([Fig 3](#pntd.0004418.g003){ref-type="fig"}).

The posterior mean residual deviance was close to the number of data points (29.71 compared with 29) and thus the model fit was adequate. Heterogeneity was high (between-study variance 0.41) but acceptable. RoR values all close to 1 demonstrated no significant inconsistency between direct and indirect evidence for any of the pairwise treatment comparisons ([S3(B) Fig](#pntd.0004418.s005){ref-type="supplementary-material"}).

The effect of interaction between the trials with 3-month follow-up and those with 6-month was insignificant (subgroup interaction term β 0.40, -0.84 to 1.75), although the point estimate was positive, suggesting that the efficacy of the combination therapy in promoting lesion resolution could be more obvious in short follow-up. This is reasonable since many SCGs resolve spontaneously with time \[[@pntd.0004418.ref025]\]. Sensitivity analyses by sequentially removing one study at a time yielded largely the same results.

*Post hoc* analysis- residual calcification {#sec016}
-------------------------------------------

During review of the literature, 8 studies were identified that included data describing the frequency of residual calcification on follow-up imaging \[[@pntd.0004418.ref027]--[@pntd.0004418.ref029], [@pntd.0004418.ref031], [@pntd.0004418.ref034], [@pntd.0004418.ref035], [@pntd.0004418.ref041], [@pntd.0004418.ref042]\]. Since calcific residue is one of the major predictors for future seizure recurrence \[[@pntd.0004418.ref025]\], we did an additional *post hoc* analysis to evaluate the effect of different therapies on reducing the risk of residual calcification of SCG. Only pairwise meta-analysis was conducted because a closed loop for network meta-analysis was not formed. All pooled ORs are close to 1 with wide 95% CIs ([S4 Fig](#pntd.0004418.s006){ref-type="supplementary-material"}), indicating that none of regimens showed a better effect on reducing the risk of residual calcification compared with others.

Discussion {#sec017}
==========

SCG is the commonest form of NCC seen in India and high-income countries, and is also found in about 20% of NCC cases elsewhere \[[@pntd.0004418.ref003]--[@pntd.0004418.ref005]\]. Although the granuloma shows spontaneous resolution with time, complete resolution can take anywhere from a few weeks to several years \[[@pntd.0004418.ref043]\]. Since 1993 when albendazole was first shown to hasten the resolution of long persistent SCG \[[@pntd.0004418.ref044]\], several clinical trials have been conducted to evaluate the effects of albendazole and other treatment options. Based on a Bayesian network of 14 RCTs that included 1277 patients, the results of the present meta-analysis showed that the combination therapy of albendazole and corticosteroids for SCG reduced the risk of seizure recurrence by two thirds and tripled the odds of lesion resolution during a short follow-up period of around one year, compared with conservative treatment. Although the differences in the beneficial effects of the combination therapy of albendazole plus corticosteroids compared with either treatment alone did not reach statistical significance, the combined therapy consistently showed higher probabilities of being at superior ranking positions for both outcomes. The albendazole and corticosteroids monotherapies showed similar and significant efficacy in promoting lesion resolution, but their benefits failed to translate into better seizure outcome during the follow-up. The superiority of the combination therapy was robust and changed little in trials with different follow-up durations and in sensitivity analyses.

Previous meta-analyses \[[@pntd.0004418.ref009], [@pntd.0004418.ref010], [@pntd.0004418.ref013]\] reported that anthelmintic therapy with albendazole improved the seizure-free rate and hastened the resolution of the granuloma. However, these analyses combined clinical trials with different comparison groups (anthelmintics versus conservative treatment, anthelmintics versus corticosteroids, combination of anthelmintics and corticosteroids versus conservative treatment, and combination of anthelmintics and corticosteroids versus corticosteroids) making it impossible to determine the efficacy of anthelmintics itself and of the combination therapy. In fact, only three studies directly compared albendazole alone with placebo or no drugs, and the pooled estimates showed borderline significant improvement in lesion resolution and no difference in seizure outcome. Our network meta-analysis confirmed that albendazole alone did not improve the seizure-free rate although more lesions showed radiological resolution. The efficacy of corticosteroids alone in the treatment of SCG was evaluated in two pairwise meta-analyses with inconsistent results \[[@pntd.0004418.ref013], [@pntd.0004418.ref014]\]. Both studies used the same set of trials, yet Otte et al. \[[@pntd.0004418.ref013]\] in their meta-analysis incorrectly extracted the data from the trial by Kishore et al. \[[@pntd.0004418.ref034]\]. They misused the data of the placebo arm for the prednisolone arm and that of prednisolone for the placebo, thus yielding pooled effects that fell just short of statistical significance. In our study, we also used the pairwise meta-analysis, which confirmed the benefits of corticosteroids monotherapy for both outcomes. These benefits remained significant in network meta-analysis, although the corticosteroids monotherapy tended to be inferior to the combination therapy and albendazole monotherapy in promoting lesion resolution and inferior to the combination therapy in preventing seizure recurrence. Based on RCTs and pairwise meta-analysis, an expert consensus on diagnostic and therapeutic schemes for SCG recommended a short course (1--2 weeks) of albendazole with or without corticosteroids be prescribed soon after the first seizure \[[@pntd.0004418.ref011]\]. Our study suggests that albendazole alone may not be effective on seizure control, and that the combination therapy of albendazole and corticosteroids should be initiated to bring the most benefit for patients with SCG.

The observed effects of albendazole and corticosteroids are supported by their mechanisms of actions and the histopathology of the granulomatous lesion. The cysticercus granuloma consists of a dying parasite surrounded by fibrosis, angiogenesis and infiltration of inflammatory cells \[[@pntd.0004418.ref045]\]. The parasite or its parts are still present, offering a target for the anthelmintics to act on. The attack on parasite accelerates its destruction and leads to a faster and more efficient lesion resolution, but at the same time hastens the release of parasitic antigens and exacerbates local inflammation \[[@pntd.0004418.ref046]\]. The study by Robinson et al. demonstrated that substance P produced within cysticercosis granulomas is capable of inducing seizure activity \[[@pntd.0004418.ref047]\]. The anti-inflammatory and immunosuppressive properties of corticosteroids seem to reduce the generation of the seizure-inducing mediators, limit the inflammatory damage to neural tissue and control perilesional edema. Corticosteroids also interact with albendazole by reducing the elimination rate of albendazole sulfoxide, the active component of albendazole, thus increasing its plasma concentrations \[[@pntd.0004418.ref048]\]. The clinical synergism between albendazole and corticosteroids results in better seizure control as well as early resolution of the granulomatous lesion. However, because the analyzed clinical trials do not provide information on the timing of seizure recurrence in relation to drug administration, it is not clear whether the favorable seizure outcome achieved by the combination therapy is the result of a reduced likelihood of seizure activity during and shortly after the administration of albendazole and corticosteroids or due to a more sustained effect.

Our study has several limitations. First, the majority of RCTs included in the analysis were at high risk of bias mainly because of inadequate allocation concealment and blinding. Only four studies were considered to have low-to-moderate risk of bias for the two outcomes, respectively, so that sensitivity analyses with only high quality studies were not possible. Second, all included RCTs were conducted in India. It is not certain whether the conclusions of this study apply to other populations. Third, under each class of treatment, there were variations in dosage and duration of the drugs used. This might have introduced some heterogeneity into the network meta-analysis. Treating them as different regimens, however, would not be feasible due to the insufficient number of studies to form a well connected network. The optimal match of dosages and durations of albendazole and corticosteroids needs further research. Fourth, the duration of the follow-up period varied among the included RCTs, making it another source of heterogeneity. Previous meta-analyses have tried some resolutions to the problem, such as performing separate meta-analyses at different time points of follow-up \[[@pntd.0004418.ref013]\] or extracting data in the form of number of events per person-years observed \[[@pntd.0004418.ref049]\]. In fact, estimating person-year of follow-up in these trials is very imprecise, and to our knowledge, there are currently no suitable methods that allow inclusion of all time points in a network meta-analysis. Here we explored the effects of differences in the duration of the follow-up period by meta-regression. The follow-up period was found not to significantly influence the results. Nevertheless, the average duration of the follow-up period of the included RCTs was generally short. Currently we cannot make firm conclusions on the effects of therapies more than one year after treatment. Future studies should focus on the efficacy of treatment in long-term seizure recurrence and granuloma resolution. Finally, limited data were available for two praziquantel-containing regimens to include in the analysis. In one trial \[[@pntd.0004418.ref038]\], 26 patients were assigned to receive single-day praziquantel therapy or no therapy. Complete resolution was found in 78% (11 out of 14) and 50% (6 out of 12) of patients, respectively. Another trial compared the combination of albendazole, praziquantel and prednisolone with the combination therapy of albendazole and prednisolone \[[@pntd.0004418.ref033]\]. After 6-month follow-up, complete lesion resolution was observed in 72% (38 out of 53) of patients of the praziquantel-treated group, versus 52% (26 out of 50) of the control group. The differences were not statistically significant in both studies. Although a previous meta-analysis showed that praziquantel might be less effective than albendazole in the treatment of NCC \[[@pntd.0004418.ref049]\], the two anthelmintics have different mechanisms of action and have synergistic effects when used in combination \[[@pntd.0004418.ref050]\]. More data are required before praziquantel can be added to the combination of albendazole and corticosteroids therapy for the treatment of SCG.

Despite the above limitations, based on the comprehensive review and robust statistical method, our network meta-analysis provides a complete picture for the efficacy of different management options for patients with SCG. The combination of albendazole and corticosteroids performs better than other therapies in reducing seizure recurrence and promote lesion resolution during a follow-up period of around one year. Until more direct active comparisons are available, it should be recommended for the treatment of SCG.
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###### Pooled odds ratios for seizure recurrence in sensitivity analysis after removal of the clinical trial by Singhi at el.

(PDF)
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###### Risk of bias assessment.

(TIF)
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###### Network diagrams of the comparisons in the network meta-analysis for seizure recurrence (A) and lesion resolution (B).

The size of the nodes is proportionate to the number of patients (in parentheses) randomized to the treatment. The width of the lines is proportionate to the number of direct comparisons (beside the lines) between the connected treatments.

(TIF)
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Click here for additional data file.

###### Inconsistency plot of the network meta-analysis for seizure recurrence (A) and lesion resolution (B).

In a total of 8 loops of the two networks, none showed statistically significant inconsistency since all confidence intervals for RoRs were compatible with zero inconsistency (RoR = 1). However, for the loop "ABZ--CT--CS" in the network of seizure recurrence, the mean RoR is larger than 3, meaning that the direct estimate can be three times as large as the indirect estimate or the opposite. ABZ: albendazole, CS: corticosteroids, CT: conservative treatment, RoR: ratio of odds ratios.

(TIF)
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###### Forest plots of pairwise meta-analyses on residual calcification.

ABZ: albendazole, CS: corticosteroids, CT: conservative treatment.

(TIF)
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Click here for additional data file.
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